Abstract: Background and Purpose: During the last two decades, clinical reports have begun to place increasing emphasis on the possible neurological complications related to dengue. However, reports of cases with myelitis post dengue are rare. This study describes an unprecedented cluster of transverse myelitis following a dengue virus infection. Methods: 51 possible cases of neurological complications related to dengue were identified by the epidemiological surveillance of the State of Rondônia, Brazil and submitted to serial neurological examination, electromyography, vertebral MR and laboratory investigation to confirm the dengue diagnosis and rule out other arboviruses. Results: The diagnosis of acute transverse myelitis post-dengue was established in 26 patients, the majority were women, young and white. Antibodies against virus IgM were present in all cases and DEN 3 virus was isolated by PCR in one patient. Treatment with IV steroids was useful. Conclusions: The cluster of transverse myelitis post-dengue with favorable clinical outcome here reported suggests an immune mediated mechanism for the spinal cord involvement. Whereas dengue epidemics are frequent in tropical and subtropical countries, the dengue fever should be part in the differential diagnosis of the infectious and post-infectious myelitis.
INTRODUCTION
Dengue is a viral infection the etiologic agent of which is an arbovirus of the Flavivirus genus and Flaviridae family. This is the arbovirus that most seriously affects humans. Outbreaks frequently occur in tropical and subtropical countries and present a grave public health problem [1, 2] .
The classical form of dengue induces fever, myalgia, retro-ocular pain, headache, nausea, vomiting, diarrhea, arthralgia, rash and pruritus lasting two to seven days. Dengue hemorrhagic fever is a severe form of the disease presentation that can potentially progress to severe hemorrhagic manifestations, hypovolemic shock and death. Until now, four serotypes have been isolated (DENV1-4), and the polymerase chain reaction (PCR) technique is the method of choice to the detection of the viral genome. However, the ELISA method for detection of IgM antibodies for the dengue virus is the most widely used for epidemiological purposes. During the last two decades, clinical reports have begun to place increasing emphasis on the possible neurological complications related to dengue, although not without controversies [3] [4] [5] .
The number of studies reveals the scarcity of scientific research on the rare relationship between the dengue virus and transverse myelitis, but the fact that late postinfectious myelitis may lead to possible under reporting should not be ignored. Dengue epidemics are frequent in tropical and subtropical countries, and dengue fever should always be part of the differential diagnosis for infectious and post-infectious myelitis [3] [4] [5] [6] [7] [8] .
Here we report, an unusual and unprecedented cluster of transverse myelitis (TM) following dengue virus infection in the Amazon region of Brazil.
As a methodological strategy the epidemiological team from the Ministry of Health adopted an active search in the municipalities in order to identify the newly suspected cases (Fig. 1) .
As a result, 51 patients with a clinical diagnosis of dengue fever and neurological symptoms requiring clarification were referred to the Center of Neurology and Rehabilitation of Rondonia in Porto Velho (State Capital) to undergo examination and the neurological protocol proposed by one of the study authors (AMS) (Technique note from the Brazilian Ministry of Healthy http:// chicomeloescreve.blogspot.com/2013/03/nota-tecnica. html).
Patients with a confirmed diagnostic of dengue infection who developed transverse myelitis (TM) were selected for this study. Only cases with six months of follow up and complete clinical and laboratorial data in medical records were included in the study. Patients with previous or concomitant systemic autoimmune diseases, other central nervous system (CNS) infections, idiopathic inflammatory demyelinating disorders and compressive myelopathy were excluded.
The study was approved by the Ethic Research Committee of the School of Medical Sciences and Health (Faculdade de Ciências Médicas e da Saúde) of Juiz de Fora (Brazil).
Definition of cases
The clinical diagnosis of dengue was defined according to classic symptoms. The main symptoms identified were acute febrile syndrome, severe headache, retro-orbital pain, myalgia and arthralgia. The laboratory criteria were the demonstration of IgM antibody to dengue virus antigens in paired serum samples.
Transverse myelitis (TM) was identified by the combination of varying degrees of motor syndrome, sensory and/or autonomic dysfunction with acute onset. The identification of upper sensitive thoracic level and pyramidal signs on neurological examination were required for the diagnosis of the spinal cord syndrome.
Data collection
The following data were collected directly from the medical charts: gender (male/female), age (years), race (Caucasian or African descent), age at onset of the disease (years), total number of TM per patient, time between the end of fever and onset of neurological symptoms, neurological manifestations and treatment with methylprednisolone EV for 5 days.
Complementary investigations
General laboratory tests: results of stool, blood, serum and cerebrospinal fluid (CSF) were analyzed by the laboratory service providers of the SUS (Brazilian Public National Health Service) in the localities involved in the epidemic, the Center for Research in Tropical Medicine, Porto Velho/Rondonia (CEPEM) and the Institute Evandro Chagas, Belém/Pará (IEC).
Specialized tests: results of magnetic resonance imaging (MRI) of the brain, spinal cord (cervical and thoracic segments) carried out in a radiology clinic contracted by the SUS. The spinal cord MRI data were analyzed with respect to inflammatory lesions. Brain MRI was analyzed and, in the case of inflammatory lesions, were classified as suggestive of TM or not. Electromyography (EMG) was performed at the Center of Neurology and Rehabilitation of Rondonia to exclude acute idiopathic inflammatory polyradiculoneuropathy and Guillain-Barré Syndrome (GBS).
Virology tests: results of specific tests for dengue in blood and CSF samples that were performed in IEC and CEPEM. Serum and CSF samples were tested for dengue IgM (ELISA) and West Nile Virus. The serum was also tested for inhibition hemagglutination (IH) for total antibodies against other arboviruses common in the Amazon region: alphavirus (Mayaro, Mucambo), bunyavirus (Guaroa, Maguari, Tacaiuma, Oropoche, Catu) and flavivirus (Ilheus, Rocio, Saint Louis, DEN 1, 2, 3, 4 and yellow fever) and other viruses such ashuman T cell lymphotropic virus type-1 (HTLV-1, cytomegalovirus [CMV]), human immunodeficiency virus (HIV), Epstein-Barr virus (HB) and herpes simplex virus (HS).
Neurological impairment
A spinal cord dysfunction scale [9] was applied in three phases of the disease: at nadirand at the time of two follow-up assessments (at 3 and 6 months). Severe spinal cord dysfunction was scored by motor (≥ 4), sensorial (≥ 3) and sphincter (≥ 2) scores.
Statistical analysis
The results from the analysis of categorical variables are presented as percentages and those relating to continuous variables as medians, accompanied by the minimum and maximum values. The percentage figures reflect valid values resulting from the exclusion of unknown values. The data were analyzed with the aid of SPSS for Windows (SPSS Inc., version;14, 1999).
RESULTS
There were 26 patients with confirmed diagnostic of dengue infection and TM. Patients with a history of vaccination in the past two months (n = 2), neurological disease prior to infection (n = 2), negative serology for dengue (n = 6) or positive serology for dengue with incomplete laboratorial and clinical neurological investigation (n = 15) were excluded.
Most of the patients included were of low social and economic background (92.3%) and lived in Rondonia the during dengue epidemic, although 73.1% were born in other regions of Brazil. The demographic and clinical characteristics of the group are presented in Table 1 . Most of the cases were women (57.7%), Caucasian (80.8%) and young adults with a mean age of 33.7 SD. 11.17 years. The onset of neurological symptoms occurred between 1 to 17 days after the end of the fever (median 3.0, IQR 2.0-9.0). Table 2 presents the scores of motor, sensory and sphincter dysfunction in the three stages of the disease: at nadir and at the time of two subsequent neurological assessments. The more serious symptoms reported in the early stages of the disease were plegia in the lower limbs (30.8%), associated with a moderate decrease in sensitivity in the lower limbs (65.4%) and bladder or bowel incontinence (61.5%). In the first neurological assessment performed three months after the onset of symptoms, the majority of the patients had mild weakness in the lower limbs (80.8%) associated with pyramidal signs; 61.5% had decreased in sensitivity in the lower limbs and abdomen with a higher level in the thoracic region and 7.7% had a lack of sphincter control. In the last follow up, after six months, only one patient had objective neurological Five patients with neurological impairment received treatment with methylprednisolone 1 g/day for 5 days following the first neurological evaluation and showed a remission of the neurological symptoms. DISCUSSION TM is a rare disease affecting one to four people per million [10] . The viruses associated with acute viral myelitis are herpes zoster, herpes simplex, cytomegalovirus, Epstein-Barr virus and HIV [10, 11] , butin most cases the specific viral cause is never determined [12] .
The association of TM with dengue virus is exceptional and suggests an acute infectious myelopathy or an immune-mediated process where the virus acts as a "trigger" of the inflammatory process targeting the myelin sheath cells. In these cases, the spinal cord involvement could represent a partial phenotypic manifestation of acute disseminated encephalomyelitis post viral (ADEM), which is an idiopathic inflammatory demyelinating disease related to infections or vaccinations [6] [7] [8] [13] [14] [15] .
All of the cases described here could be classified as post-dengue myelitis, affecting mainly white women with a low socioeconomic background, living in the State of Rondonia in the Brazilian Amazon.
The spinal cord syndrome was characterized by acute and severe motor pyramidal impairment with sensorial deficit affecting mainly the lower limbs with a marked upper thoracic level and sphincter dysfunction following dengue fever. Inflammatory spinal cord MRI lesions were identified in one-third of the patients, reasonable percentage considering that the studies were conducted at different stages of the disease and that the absence of structural damage did not invalidate the clinical diagnosis of transverse spinal cord syndrome [11] . Leão et al. and Seet et al. described two cases of MT after dengue with normal MRI [13, 14] .
Acute idiopathic inflammatory polyradiculoneuropathy or Guillain-Barré Syndrome (GBS) was not found in our series of patients. The diagnosis was excluded by clinical and complementary tests as CSF and EMG. This syndrome is the main differential diagnosis of patients with acute paralysis [16] .
In a review of ADEM Garg did not include the dengue virus among the various viruses recognized as trigger immune-mediated central processes [17] , but reports of recent cases reinforce the association between dengue and ADEM [6] [7] [8] . A strong argument for the hypothesis of immune-mediated myelitis is the delay between the end of the fever and the onset of neurological symptoms (mean 4.2 days, 1-day minimum and a maximum of 17 days) and the fact that no patient complained of neurological manifestations at the acute phase of dengue infection. Another important point is the reversibility of motor, sensory and sphincter dysfunctions, either spontaneously or after IV corticosteroid injection, which is less common in infectious myelitis than in immune-mediated myelitis [6, 7, 11] . At the last follow-up conducted six months later, a complete remission of the neurological dysfunction was observed in 95% of the cases. As for the diagnosis, postinfectious myelitis, unlike infectious myelitis, may be associated with a higher frequency of normal CSF [6, 10, 11, 15] . In our series, CSF did not show any significant or changes in cellularity or chemistry, reinforcing the hypothesis of an immunomediated mechanism. The presence of antibodies against dengue in the CSF may also indicate the breakdown of the blood-brain barrier [18] . Some studies have associated the neurological manifestations with dengue hemorrhagic fever [8, 19] . However, other studies show no such relationship [6, 7, 16, 18] . In our series, there were no cases of dengue hemorrhagic fever.
In the studies reviewed in the literature, there is a predominance of viruses DEN 2 and DEN 3 involved in large epidemics, but no correlation was observed between serotype and neurological complications [4, 5, 16] . The isolated DEN 3 virus was compatible with the dengue virus circulating in the epidemic.
Spinal cord tropism was demonstrated in our study, since all patients had only acute transverse myelitis as a complication of dengue. So far, there is no record in the medical literature of so many cases of TM reported in the same epidemic. The isolated natureand low incidence of myelitis in neurological complications of dengue fever corroborate this rarity. In a series of 21 patients with neurological manifestations of dengue, Solomon and colleagues described only two cases of transverse myelitis [20] .
In a series of 41 patients with various complications related to dengue cases, Ferreira et al. [21] describe two ATM cases, and Sohler et al. [18] describe two cases of TM in a series of 13 patients. None of the studies provided a clinical prognosis on the treatment of a cluster of dengue-related myelitis.
In the acute phase, five of our 26 patients showed severe motor, sensory and sphincter dysfunction but an excellent response to intravenous corticosteroids, a finding already demonstrated in the literature [7, 11] . Sousa et al. demonstrated the efficacy of early use of intravenous corticosteroid in a young patient with post-dengueoptical neuromyelitis [6] . The early treatment of post-dengue myelitis is considered essential for clinical recovery [6, 11] . Yamamoto et al. described a case of post-dengue acute disseminated encephalomyelitis with optical and spinal cord involvement, in which intravenous steroids were administered 40 days after the onset of symptoms and resulted in only apartial improvement of symptoms [7] .
The literature review shows that neurological manifestations related to the dengue virus infection are infrequent and that they were identified mainly during outbreaks where there is an increase in reported cases [22] [23] [24] [25] .
The cluster of post-dengue transverse myelitis with favorable clinical outcome reported here suggests an immune mediated mechanism for the spinal cord involvement. Whereas dengue epidemics are frequent in tropical and subtropical countries, and dengue fever should be included in the differential diagnosis of the infectious and post-infectious myelitis. This unexpected and unprecedented occurrence indicates the possible under reporting of such events. It is important that physicians be aware of the neurological manifestations after episodes of dengue fever to ensure early diagnosis and treatment.
